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(54) Power control in mobile satellite communication system 



(57) A transmission power control method in a mo- 
bile satellite communication system implementing accu- 
rate control of transmission power of a base station by 
obtaining an average received signal level at a mobile 
station at high accuracy. The mobile station measures 
an average received signal level Q,^ in a predetermined 
period (step SP2), and infonms the base station of the 
average received signal level Q,^ and an actual measur- 
ing time T,^ (step SP3). The base station calculates a 
total measuring time t^ which is the sum total of the ac- 
tual measuring timeT,^ (step SP1 6), acorrecled average 
received signal level R,^ associated with the average re- 
ceived signal level during the total measuring time t,^ 
(step SP18), and a measuring error AD^ (step SP17), 
and controls the transmission power on the basis of 
these values (step SP21 ). Estimating the measuring er- 
ror AD,^ in the total measuring time t,^ longer than the 
individual actual measuring time T,^ makes it possible to 
reduce the measuring error, thereby implementing high- 
ly accurate transmission power control. 
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Description 

[0001] The present invention relates to a nnobile connmunication system in which base stations are connected to 
mobile stations through a communication satellite, and in particular to a mobile satellite.communication system and a 
5 transmission power control method in the system capable of achieving highly accurate transmission power control of 
forward links from a base station to mobile stations. 

[0002] Generally, transmission power control is carried out between a base station and mobile stations. For example, 
the base station determines optimal transmission power using information on received signal levels fed from the mobile 
stations. This is performed for reducing interference between channels. 

10 [0003] Figs. 1 A and 1 B are diagrams illustrating radio-wave propagation characteristics in a cellular system. A radio 
wave radiated from a base station 1 arrives at a mobile station 2 through multipaths in the form of a direct wave 4 and 
reflected waves 6 reflected on buildings 3 or the like. Accordingly, the radio-wave propagation characteristics are de- 
termined by muitipath fading, and the received power level of the mobile station 2 sharply varies in short periods as 
shown in Fig. 1 B. This enables the mobile station 2 to obtain a considerably accurate average received signal level by 

'5 detecting the level of a signal in a short period. The mobile station 2 informs the base station 1 of the average received 
signal level, and the base station 1 controls the forward link transmission power to the mobile station 2 on the basis of 
the information. 

[0004] Fig. 2 is a diagram illustrating the forward link transmission power control. As shown in Fig. 2(B), the mobile 
station 2 calculates the average received signal level at each measuring period T, and informs the base station 1 of 

20 the values. The base station 1 transmits at the transmission power corresponding to the level each time the average 
received signal level information is provided as shown in Fig. 2(A). Through such forward link transmission power 
control, the transmission power from the base station 1 to the mobile station 2 reaches an optimum value in a rather 
short time. In this case, the control error E contained in the transmission power control value of the base station is kept 
approximately constant regardless of the transmission power as shown in Fig. 2(C). This is because the measuring 

25 period at the mobile station 2 is constant. 

[0005] In contrast with this, in a mobile satellite communication system, in which the base station 1 is linked with the 
mobile station 2 by way of a satellite, the transmission power control is chiefly needed for effectively availing the power 
of the satellite 

[0006] Figs. 3A and 38 are diagrams illustrating radio-wave propagation characteristics of a mobile satellite com- 
30 municatton system. A radio wave radiated from the base station 1 reaches a satellite 1 0 through a path 11 , is repeated 
by the satellite, and arrives at the mobile station 2 through a path 12 Accordingly, the radio-wave propagation char- 
acteristics of the mobile satellite communication system do not exhibit muitipath fading characteristics as in the cellular 
system, and the direct wave from the satellite 10 to the mobile station 2 is dominant. Thus, the variation in the mobile 
satellite communication system exhibits Rtee fading of about 1 Hz in bandwidth and a C/M (Carrier-to-Multipath fading) 
35 of an order of ten dB. Accordingly, an accurate average received signal level cannot be expected by short period 
measurement. As a result, the transmission power control as employed in the cellular system presents a problem in 
the mobile satellite communication system in that it cannot provide accurate transmission power control. This will result 
in considerable degradation in channel quality and poor availability of the satellite power. 

[0007] It is therefore an object of the present invention to provide a mobile satellite communication system and a 
40 transmission power control method in the system which can achieve accurate transmission powercontrol in the shortest 
time possible. 

[0008] In a first aspect of the present invention, there Is provided a mobile satellite communication system in which 
a base station is connected with a mobile station via a communication satellite, 
the mobile station comprising: 

45 

measuring means for obtaining an actual measuring time T,^ and an average received signal level (k = 1,2, ...) 
in a predetermined measuring period T: and 

transmission means for informing the base station of the actual measuring time T|^ and the average received signal 
level Qj(, and 

50 

the base station comprising: 

means for extracting the actual measuring time T,^ and the average received signal level from a received signal 
sent from the mobile station; 
55 means for calculating a total measuring time t|^ which is a sum total of the actual measuring time T,^; 

means for obtaining a measuring error AD^ of an average received signal level in the total measuring time t|^.; 
storing means for storing a total measuring time t,^..,, a corrected average received signal level R^.^ and a trans- 
mission power control amount AP^.^ at the end of a preceding measuring period of the mobile station; 
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means for obtaining a corrected average received signal level R,^ at the end of a present measuring period of the 
mobile station on the basis of the corrected average received signal level R^.i, the transmission power control 
amount AP^.i, the total measuring time tk-i. the average received signal level Q^, the actual measuring time 
and the total measuring time t^: 
5 means for calculating a transmission power control amount AP,, of the base station on the basis of the measuring 

error AD^ and a difference between the corrected average received signal level and a predetermined reference 
value R^ef of the received signal level of the mobile station; and 

means for obtaining present transmission power P,, from the transmission power control amount AP^ and preceding 
transmission power P^.i. and for controlling the transmission power of the base station by the present transmission 
10 power P,^. 

[0009] Here, the base station may comprise means for setting an initial value Pq of the transmission power at a 
predetermined value. 

[0010] The means for calculating a transmission power control amount may obtain the present transmission power 
control amount AP^ of the base station by adding the measuring error AD;, to a difference between the reference value 
Rre, of the received signal level and the corrected average received signal level R,^. 
[0011] The means for calculating a transmission power control amount may obtain the present transmission power 
control amount AP^ of the base station by adding a sum of the measuring error AD^ and a level sening error aS^ at the 
base station to a difference between the reference value R^ef of the received signal level and the corrected average 
20 received signal level R,^. 

[0012] The means for obtaining the measuring error may obtain the measuring error AD^ by dividing a predetennined 
value C by a square root of the total measuring time t,^. 

[0013] The means for obtaining the corrected average received signal level may obtain the corrected average re- 
ceived signal level R^ by the following equation: 



15 



25 



Rk = {(Rk-i+APk-i)tk-i+Q|cTk}/tk 

[0014] In a second aspect of the present invention, there is provided a mobile satellite communication system in 
30 which a base station is connected with a mobile station via a communication satellite, 
the mobile station comprising: 

measuring means for obtaining an actual measuring time T^ and an average received signal level (k = 1 , 2, ...) 
in a predetennined measuring period T; 
55 means for calculating a total measuring time t^ which is a sum total of the actual measuring time T,,; 

means for obtaining a measuring error AD^ of an average received signal level in the total measuring time t^; 
storing means for storing a total measuring time t„.^ and a connected average received signal level R^.i at the end 
of a preceding measuring period of the mobile station; 

means for extracting a transmission power control amount AP,^.-, from a signal transmitted from the base station 
to the mobile station; 

means for obtaining a corrected average received signal level R^ at the end of a present measuring period of the 
mobile station on the basis of the corrected average received signal level R,^.^, the transmission power control 
amount APj..^, the total measuring time the average received signal level Q^, the actual measuring time T,^ 
and the total measuring time tj^; and 

transmission means for informing the base station of the corrected average received signal level l\, and 



45 



the base station comprising: 

means for extracting the corrected average received signal level R^ from a received signal sent from the mobile 
50 station; 

means for calculating the transmission power control amount AP^ of the base station on the basis of a prestored 
level sotting error AS,< and a difference between the corrected average received signal level R,^ and a predetermined 
reference value R^gj of the received signal level of the mobile station; 

means for obtaining present transmission power P,, from the transmission power control amount AP,^ and preceding 
55 transmission power P,^.^ , and for controlling the transmission power of the base station by the present transmission 

power P,^; and 

means for transmitting information on the present transmission power control amount AP,^ to the mobile station. 
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[0015] Here, the mobile station may further comprise means for setting an initial value Pq of the transmission power 
at a predetermined value. 

[0016] The means for calculating a transmission power control amount may obtain the present transmission power 
control amount AP,^ of the base station by adding the level setting error AS]^ to a difference between the reference value 
5 R^gj of the received signal level and the corrected average received signal level l\. 

[0017] The means for obtaining the measuring error may obtain the measuring error ADj^ by dividing a predetermined 
value C by a square root of the total measuring time \. 

[0018] The means for obtaining corrected average received signal level may obtain the corrected average received 
signal level by the following equation: 

10 

[0019] In a third aspect of the present invention, there is provided a base station in a mobile satellite communication 
15 system in which the base station is connected with a mobile station via a communication satellite, the base station 
comprising: 

means for extracting from a received signal an actual measuring time T,^ and an average received signal level 
(k 1 , 2, ...) in a predetermined measuring period T, the actual measuring time T,^ and the average received signal 

20 level Q|j being obtained at the mobile station and transmitted from the mobile station to the base station; 

means for calculating a total measuring time t^ which is a sum total of the actual measuring time T^; 
means for obtaining a measuring error AD^ of an average received signal level in the total measuring time t^; 
storing means for storing a total measuring time t^.i, a corrected average received signal level Ri^.^ and a trans- 
mission power control amount AP^.^ at the end of a preceding measuring period of the mobile station; 

^5 means for obtaining a corrected average received signal level R,^ at the end of a present measuring period of the 

mobile station on the basis of the corrected average received signal level R^.^, the transmission power control 
amount AP,^.i, the total measuring time ti^.^, the average received signal level Q,^, the actual measuring time T,^ 
and the total measuring time t^^; 

means for calculating a transmission power control amount AP^ of the base station on the basis of the measuring 
30 error AD^ and a difference between the corrected average received signal level R^ and a predetemiined reference 

value R^cf received signal level of the mobile station; and 

means for obtaining present transmission power P,^ from the transmission power control amount AP,^ and preceding 
transmission power P|<.i , and for controlling the transmission power of the base station by the present transmission 
power P^. 

35 

[0020] In a fourth aspect of the present invention, there is provided a mobile station in a mobile satellite communi- 
cation system in which a base station is connected with a mobile station via a communication satellite, the mobile 
station comprising: 

40 measuring means for obtaining an actual measuring time T,j and an average received signal level Qi^ (k = 1 , 2, ...) 

in a predetemiined measuring period T; and 

transmission means for informing the base station of the actual measuring time and the average received signal 
level Qj^. 

45 [0021] In a fifth aspect of the present invention, there is provided a mobile station in a mobile satellite communication 
system in which a base station is connected with a mobile station via a communication satellite, the mobile station 
comprising: 

measuring means for obtaining an actual measuring time T^ and an average received signal level Qf^ (k = 1 , 2, ...) 
50 in a predetermined measuring period T; 

means for calculating a total measuring time t,^ which is a sum total of the actual measuring time T^; 

means for obtaining a measuring error AD^ of an average received signal level in the total measuring time t,^; 

storing means for storing a total measuring time ti^.^ and a corrected average received signal level Ri^.^ at the end 

of a preceding measuring period of the mobile station; 
55 means for extracting a transmission power control amount AP^^.^ from a signal transmitted from the base station 

to the mobile station; 

means for obtaining a corrected average received signal level R,^ at the end of a present measuring period of the 
mobile station on the basis of the corrected average received signal level R^.-i, the transmission power control 
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amount AP^^.^, the total measuring time tj^.^, the average received signal level Q,^, the actual measuring time T,^ 
and the total measuring time ti^; and 

transmission means for informing the base station of the corrected average received signal level F\. 

5 [0022] In a sixth aspect of the present invention, there is provided a base station in a mobile station in a mobile 
satellite communication system in which a base station is connected with a mobile station via a communication satellite, 
the base station comprising: 

means for extracting a corrected average received signal level R,< from a received signal sent from the mobile 
10 station: 

means for calculating a transmission power control amount AP,^ of the base station on the basis of a prestored 
level setting error AS,^ and a difference between the corrected average received signal level and a predetermined 
reference value R^ef of the received signal level of the mobile station; 

means for obtaining present transmission power P,^ from the transmission power control amount AP^ and preceding 
transmission power P^^,^ , and for controlling the transmission power of the base station by the present transmission 
power P|^; and 

means for transmitting information on the present transmission power control amount AP,^ to the mobile station. 



15 



20 



[0023] In a seventh aspect of the present invention, there is provided a mobile satellite communication system in 
which a base station is connected with a mobile station via a communication satellite, the mobile station comprising: 

measuring means for obtaining an actual measuring time T,^ and an average received signal level 0,^ (k ^ 1 , 2, ...) 
in a predetenmined measuring period T; and 

transmission means for informing the base station of the actual measuring time T|^ and the average received signal 
25 level Qn, and 

the base station comprising: 

means for extracting the actual measuring time and the average received signal level Q,^ from a received signal 
30 sent from the mobile station; 

means for calculating a total measuring time t^ which is a sum total of the actual measuring time T^: 
means for obtaining a measuring error AD^ of an average received signal level in the total measuring time t,<; 
means for obtaining a total error AE|^ by adding the measuring error AD^ to a predetennined level setting error AS^; 
storing means for stohng a total measuring time tk.-,, a corrected average received signal level R,,.i and a trans- 
35 mission power control amount aP^.i at the end of a preceding measuring period of the mobile station; 

means for obtaining a corrected average received signal level R^ at the end of a present measuring period of the 
mobile station on the basis of a predetermined reference value R^ei of the received signal level of the mobile station, 
the total error AE,^, the total measuring time t^.i , the average received signal level Q^, the actual measuring time 
and the total measuring time t^ by the following equation; 



40 



45 



so 



55 



means for calculating a transmission power control amount AP,^ of the base station on the basis of the total error 
AEk and a difference between the reference value Rpef of the received signal level and the corrected average 

received signal level R|^; and 

means for oblaining present Iransmission power P,^ from the transmission power control amount AP^ and preceding 
transmission power P^.^ . and for controlling the transmission power of the base station by the present transmission 
power P|^. 

[0024] In an eighth aspect of the present invention, there is provided a mobile satellite communication system in 
which a base station is connected with a mobile station via a communication satellite, 
the mobile station comprising: 



measuring means for obtaining an actual measuring time T,^ and an average received signal level 0^^^ (k 
in a predetermined measuring period T; 



1.2. ...) 



;ut;ifc;iniiMeu riiertsunng perioa i; 

means for calculating a total measuring time t,^ which is a sum total of the actual measuring time T^; 
means for obtaining a measuring error AD^ of an average received signal level in the total measuring time t^; 
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storing means for storing a total measuring time t,^.^ and a corrected average received signal level Ri^.^ at the end 
of a preceding measuring period of the mobile station; 

means for extracting a transmission power control amount APi^.^ from a signal transmitted from the base station 
to the mobile station; 

5 means for obtaining a corrected average received signal level at the end of a present measuring period of the 

mobile station on the basis of a reference value R^^j of the received signal level of the mobile station, a predeter- 
mined level setting error ASj^ of the base station, the total measuring time t|<.i, the average received signal level 
Qi^, the actual measuring time and the total measuring time t^ by the following equation; 

10 

Rk = «Rref + AS,.,)tk., + Q,T,}/tk 

transmission means for informing the base station of the corrected average received signal level R,^, and 

IS the base station comprising: 

means for extracting the corrected average received signal level from a received signal sent from the mobile 
station; 

means for calculating the transmission power control amount /SP^ of the base slaUon on the basis of the level 
20 setting error AS,^ and a difference between the corrected average received signal level Rj^ and the predetennined 

reference value R^ef o\ the received signal level of the mobile station; 

means for obtaining present transmission power from the transmission power control amount AP|( and preceding 
transmission power Pi^.^ , and for controlling the transmission power of the base station by the present transmission 
power P^; and 

25 means for transmitting infomnation on the present transmission power control amount APj^ to the mobile station. 

[0025] In a ninth aspect of the present invention, there is provided a transmission power control method in a mobile 
satellite communication system in which a base station is connected with a mobile station via a communication satellite, 
the method comprising the steps of: 

30 

obtaining an actual measuring time and an average received signal level (k = 1.2, ...) in a predetermined 
measuring period T at the mobile station; 

calculating a total measuring time tK which is a sum total of the actual measuring time Ti^; 
obtaining a measuring error AD^ of an average received signal level in the total measuring time 
35 storing a total measuring time t^.^ , a corrected average received signal level R^.^ and a transmission power control 

amount AP,^.-, at the end of a preceding measuring period of the mobile station; 

obtaining a corrected average received signal level at the end of a present measuring period of the mobile 
station on the basis of the corrected average received signal level R^.^, the transmission power control amount 
APk.i, the total measuring time i^^.^, the average received signal level Q|^, the actual measuring time and the 
40 total measuring time t,^; 

calculating a transmission power control amount AP^ of the base station on the basis of the measuring error AD^ 
and a difference between the corrected average received signal level R^ and a predetermined reference value R^ef 
of the received signal level of the mobile station; and 

obtaining present transmission power Pf^ from the transmission power control amount APi^ and preceding trans- 
45 mission power P,^.^, and for controlling the transmission power of the base station by the present transmission 

power Pj^. 

[0026] According to the present invention, the total measuring time is obtained by sequentially summing up the actual 
measuring time. In addition, the corrected average received signal level during the total measuring time at the mobile 

50 station is calculated. In the mobile satellite communication system, it is known that the measuring error of the received 
signal level is inversely proportional to the square root of the measuring time. Consequently, the system in accordance 
with the present invention can reduce the measuring error of the received signal level in comparison with the conven- 
tional system which obtains the average received signal level in individual measuring periods, thereby Implementing 
accurate transmission power control. 

55 [0027] The above and other objects, effects, features and advantages of the present invention will become more 
apparent from the following description of the embodiments thereof taken in conjunction with the accompanying draw- 
ings. 
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Fig. 1 A is a schematic diagram Illustrating multlpath fading in a cellular system; 
Fig. 1 B is a graph illustrating received signal level variations at a mobile station In the cellular system; 
Fig. 2 is a diagram showing an example of transmission power control timings on a forward link channel In the 
cellular system; 

Fig. 3A is a schematic diagram illustrating the behavior of radio-wave propagation characteristics in a mobile 
satellite communication system; 

Fig. 3B is a graph illustrating received signal level variations at a mobile station In the mobile satellite communication 
system; 

Fig. 4 Is a block diagram showing a base station in a first embodiment of a mobile satellite communication system 
in accordance with the present invention; 
Fig. 5 is a block diagram showing a mobile station in the first embodiment of a mobile satellite communication 
system in accordance with the present invention; 

Fig. 6 is a schematic diagram Illustrating a fomriat of received signal level information; 

Fig. 7 is a block diagram showing an internal configuration of a calculator and a controller in the base station of 
the first embodiment; 

Fig. 8 Is a block diagram showing an Internal configuration of a measuring block in the mobile station of the first 
embodiment; 

Fig. 9 is a diagram illustrating an example of transmission power control timings on a forward link channel in the 
first embodiment; 

Fig. 10 Is a flowchart showing the operation of the mobile station of the first embodiment; 
Fig. 11 is a flowchart showing the operation of the base station of the first embodiment; 

Fig. 12 is a block diagram showing a base station in a second embodiment of a mobile satellite communication 
system in accordance with the present invention; 

Fig. 13 is a block diagram showing a mobile station in the second embodiment of a mobile satellite communication 
system In accordance with the present invention; 

Fig. 14 is a block diagram showing an internal configuration of a calculator In the mobile station of the second 
embodiment; 

Fig. 15 is a flowchart showing the operation of the base station of the second embodiment; and 
Fig. 16 Is a flowchart showing the operation of the mobile station of the second embodiment. 

[0028] The invention will now be described with reference to the accompanying drawings. 
EMBODIMENT 1 



20 



25 



30 



35 [0029] Figs. 4 and 5 are block diagrams showing a first embodiment of a mobile satellite communication system in 
accordance with the present Invention, where Fig. 4 shows a base station, and Fig. 5 shows a mobile station 
[0030] Before explaining the base station and the mobile station, technical terms used in the specification will be 
descnbed. A mobile station measures a received signal level at a constant measuring period T In the mobile commu- 
nications, VOX (Voice Operated Transmission) is usually employed, and a carrier is emitted only when a speech spurt 

^0 IS present. Thus, the mobile station does not receive the radio wave continuously from the base station Taking account 
of this, the time during which the radio wave is actually received in the measuring period is referred to as an actual 
measuring time T,, in this specification, where k is the number indicating measuring sequence and taking values of 1 
2, 3, An average received signal level during the measuring period T that is, a value obtained by dividing a time 
integral of the measured received signal level by the actual measuring time T^ is referred to as an average received 

•^5 signal level Q,,. In addition, the sum total of the actual measuring times T^ is referred to as a total measuring time t, 
A corrected value of the average received signal level calculated over the total measuring time t. is referred to as a 
corrected average received signal level R,^. 

[O031] In Fig. 4, a signal transmitted from a mobile station is received by an antenna 21 , and is fed to a receiving 
amplifier 25 via a diplexer 23. The received signal amplified by the receiving amplifier 25 is detected and demodulated 

50 by a receiver 27, and is outputted from an output terminal 29 of the receiver as received data. The receiver 27 also 
extracts an average received signal level and an actual measuring time T^ from the received signal. 
[0032] Fig. 6 is a schematic diagram showing a format of a signal SG Including the information on the average 
received signal level Q„ and the actual measuring time T,,. The signal SG is inserted into the received signal and 
contains a signal identifier ID indicating the type of the signal, and Information on the average received signal level Q., 

55 and the actual measuring time T,^. 

[0033] Returning to Fig. 4, the receiver 27 extracts the signal SG from the received signal, and supplies a calculator 
31 With the average received signal level and the actual measuring time T^. The calculator 31 calculates in a manner 
which will be described later, a total measuring time t^. a corrected average received signal level R^. a received signal 
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level measuring error AD,<, a total error AE^ and a transmission power control amount AP^. Part of the calculation results 
is fed to a memory 33 and a controller 35. The memory 33 stores the latest data on the total measuring time and the 
corrected average received signal level. 

[0034] The controller 35 calculates transmission power P,^ on the basis of the transmission power control amount 

5 AP^ fed from the calculator 31 , details of which will also be described later 

[0035] Transmission data inputted to an input terminal 41 of a transmitter 43 is framed into a predetemiined format, 
and is modulated and fed to a transmitting amplifier 45 as a transmitted signal. The transmitting amplifier 45 supplies 
the antenna 21 via the diplexer 23 with the transmission signal having transmission power determined by a transmission 
power control signal fed from the controller 35, thereby transmitting it to mobile stations. 

10 [0036] A mobile station as shown in Fig. 5 receives the signal from the base station by an antenna 51 . The received 
signal is fed to a receiver 57 through a diplexer 53 and a receiving amplifier 55. The receiver 57 demodulates the 
received signal, and outputs the demodulated data (received data) from an output terminal 59 of the receiver. The 
receiver 57 also supplies a measuring block 61 with the received data and the received signal. 
[0037] The measuring block 61 measures the level of the received signal, obtains the average received signal level 

15 at each measuring period T detemriined in advance, and feeds the average received signal level Qi^ and the actual 
measuring time T,^ to a transmitter 73. 

[0038] A transmitter 73 inserts the average received signal level and the actual measuring time T,^ into the trans- 
mitted data inputted to an input terminal 71 of the transmitter in the fashion as shown in Fig. 6, and provides it to a 
Iransmilling amplifier 75 as a transmitted signal. The transmitting amplifier 75 supplies the transmitted signal to the 
20 antenna 51 via the diplexer 53, thereby transmitting it to the base station. 

[0039] Fig. 7 is a block diagram showing the calculator 31 and the controller 35 of the base station. 
[0040] The calculator 31 includes a total measuring time calculator 311 , a corrected average received signal level 
calculator 31 3. a measuring error calculator 315,. a total error calculator 31 7 and a transmission power control amount 
calculator 319. 

25 [0041] The total measuring time calculator 31 1 sequentially sums up the actual measuring time T,^ which is sent from 
the mobile station and is fed via the receiver 27 of the base station, thereby obtaining the total measuring timet^ equal 
to the sum total of the actual measuring times T,^. The total measuring time t,^ is fed to the corrected average received 
signal level calculator 313, the measuring error calculator 315 and the memory 33. 

[0042] The measuring error calculator 315 calculates a measuring error AD,^ at the mobile station over the total 
30 measuring time tj^, It is known that the measuring error AD|^ is inversely proportional to the square root of the measuring 
time {Nishi, et al. "Beam Selection Characteristics in Multi-Beam Mobile Satellite Communications", Technical Report 
of the Institute of Electronics, Information and Communication Engineers of Japan, SAT-89-50, 1989-11). Therefore the 
measuring error AD^ is expressed by the following equation. 
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50 
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where C is a measuring error coefficient obtained from a ratio between the direct wave and the reflected waves from 
the satellite to the mobile station, and can be set in advance. As is seen from this equation, an increasing measuring 
^0 time results in a smaller measuring error AD,^. The measuring error AD^ is fed to the total error calculator 31 7. 

[0043] The corrected average received signal level calculator 313 calculates the corrected average received signal 
level R,( given by the following equation. 

45 Rk = {(Rk-1 + ^Pk-i)tk.i + QkT,}/t, (2) 

In other words, the corrected average received signal level calculator 313 obtains the present corrected average re- 
ceived signal level by taking a time average between the present average received signal level Q,^ and the sum of 
the con-ected average received signal level R,^,., until the end of the preceding measurement and the preceding trans- 
mission power control amount AP^.^. Here, the total measuring time t^.^, the corrected average received signal level 
R|..^ and the transmission power control amount AP^.^ al the end of the preceding measurement are fed from the 
memory 33. The total measuring time ti^ until the end of the present measurement is fed from the total measuring time 
calculator 311, and the present actual measuring time T^ and average received signal level are fed from the receiver 
27. 

[0044] The total error calculator 31 7 calculates the total error A E,^ by the following equation. 
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Where AS^ is a level setting error due to step value errors of an attenuator for adjusting the transmission power of the 
base station, and can be set in advance The level setting error AS^ is fed from the memory 33, The total error AEk is 
supplied to the transmission power control amount calculator 319. 

[0045] The transmission power control amount calculator 319 calculates the present transmission power control 
amount AP^ given by the following equation. 

^Pk = Rref - + (4) 

where R^ef is a preset reference vafue of the received signal level at the mobile station. In other words, the present 
transmission power control amount AP^ is obtained by subtracting the present corrected average received signal level 
from the sum of the reference value of received signal level and the total error. The transmission power control amount 
AP,^ is fed to the controller 35. 

[0046] The controller 35 includes a transmission power calculator 351 . The transmission power calculator 351 cal- 
culates the present transmission power by the following equation. 

Pk = Pk.i + ^Pk (5) 

in other words, it obtains the present transmission power by adding the present transmission power control amount 
APk to the preceding transmission power P^.v The transmission power P,, is fed to the transmitting amplifier 45 so that 
the transmission power thereof equals the transmission power P^. 

[0047] The thus obtained connected average received signal level R^, transmission power control amount AP^ and 
total measuring time are stored in the memory 33. These data are necessary for calculating the next corrected 
average received signal level. 

[0048] Fig. 8 is a block diagram showing the internal configuration of the measuring block 61 of the mobile station. 
The measuring block 61 includes a measuring period controller 611 and a received signal level detector 613. 
[0049] The measuring period controller 611 extracts the frame period from the received signaL and multiplies it by 
a prcdctcnnincd integer to obtain the measuring period. The measuring period controller 611 also measures the actual 
measuring time T^ by searching the VOX control signal. Since the VOX is controlled on the frame basis, the actual 
measuring time T^ can be measured by counting the number of frames including speech spurts, and by multiplying 
that number by the length of the received frame. The measuring period controller 61 1 provides the measuring period 
T and the actual measuring time T^ to the received signal level detector 613. 

[0050] The received signal level detector 613 measures the received signal level L(t) in each measuring period fed 
from the measuring period controller 611, and obtains the average received signal level 0^. The average received 
signal level Q,, can be obtained either by dividing the time integral of the received signal level L(t) by the actual measuring 
time Tk, or by measuring the bit error rate at every measuring period, and converting it into the received signal level 
by using a conversion table prestored in the mobile station, either of which can be readily implemented. 
[0051] Next, the outline of the operation of this embodiment will be described with reference to Fig. 9. In the following 
description, the parameters at the measuring period k (k = 1, 2, 3, ...) are defined as follows as described before: the 
transmission power of the base station is P^.^; the actual measuring time of the mobile station is T^; the average 
received signal level in the actual measuring time T^ is Q^; the total measuring time until the end of the measuring 
period k is t^; and the corrected average received signal level in the total measuring time t,^ is R^. In addition, the 
measuring period is denoted by T (a fixed value). Incidentally, the actual measuring time T^ and the total measuring 
time tk as shown in Fig. 9 depend on the time in which the radio wave is actually received as described before. Ac- 
cordingly, they will become shorter than are indicated in Fig. 9. 

[0052] As shown in Fig. 9(B), the mobile station measures the received signal level at every measuring period k 
independently, and calculates the average value thereof. The mobile station infonns the base station of the average 
received signal level thus obtained together with the actual measuring time T^ each time they are obtained. In other 
words, the base station receives the average received signal level and the actual measuring time T^ at every meas- 
uring period. 

[0053] The base station sums up the received actual measuring time T^ to obtain the total measuring time t,^, calcu- 
lates the corrected average received signal level R^ in the total measuring time t^ and the measuring error AD^, and 
detemnines the transmission power P^ on the basis of these values. It is known that the measuring error of the average 
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received signal level Is inversely proportional to the square root of the measuring time in the mobile satellite commu- 
nication system as mentioned before. 

Accordingly the measuring error will decrease as the measuring time grows longer. Thus, the total error AE^ contained 
in the transmission power control amount of the base station gradually decreases as shown in Fig. 9(C). Hence, the 
5 received signal level of the mobile station converges to a desired value in a shorter time than in the conventional mobile 

station as shown in Fig. 2. 

[0054] Figs. 10 and 11 are flowcharts showing details of the above-mentioned operation of the transmission power 
control, where Fig. 10 shows the operation of the mobile station, and Fig. 11 shows that of the base station. Although 
it wilt be necessary to consider a propagation delay in a practical system because the propagation delay is large in the 
10 mobile satellite communications, the delay is not considered in the following description because it can be readily 

compensated. 

I. Control procedure of the mobile station. 

15 [0055] The measuring block 61 initiates the measurement of the average received signal level simultaneously with 
the start of communications. More specifically, at step SP1 of Fig. 10, the measunng block 61 sets the measuring 
period number k at k=1 At step SP2, it measures the actual measuring time T,^ and the average received signal level 
Q,^ in every predetermined measuring period T The average received signal level Q,^ is provided to the base station 
together with the aclual measuring lime Ti^ through the transmitter 73 at step SP3. The processing is continued until 

20 the end of the communications is detected at step SP4. More specifically, each time the measuring block 61 detects 
the passing of the measuring period T at step SP5, it increments the measuring period number k at step SP6, and 
continues the measurement at step SP2 during the communications. Thus, the average received signal levels Q.,; 
Q2 ... and the actual measuring times T.,, Tg when the base station transmits at the transmission power Pq,' P-,, ... 
arc sent from the mobile station to the base station. They arc sent in the format as shown in Fig. 6 as described before. 

25 

II. Control procedure of the base station 

1 . Initial procedure 

30 [0056] After completing the initial set at step SP11 of Fig. 11 , the base station starts transmission at predetermined 
initial transmission power Pq at step SP12. The base station keeps this transmission power until It receives the first 
infomnation on the average received signal level from the mobile station. As the initial transmission power, the 
maximum transmission power of the base station or transmission power determined in advance in accordance with 
the type of the mobile station is available. 

35 

2. The k-th transmission power control procedure 

[0057] The receiver 27 of the base station decides whether the next information is received or not from the mobile 
station at step SP1 3. Upon receiving the next infomnation, the receiver 27 increments the measuring period number k 
40 by one at step SP14, and extracts at step SP15 the k-th average received signal level Q,^ and actual measuring time 
T,^ sent from the mobile station, and supplies them to the calculator 31 . 

[0058] The total measuring time calculator 311 of the calculator 31 computes the total measuring time t,^ at step 
SP16. It is obtained by adding the present actual measuring time T^ to the preceding total measuring time t,^.^. The 
measuring error calculator 315 of the calculator 31 computes the measuring error AD^ of the mobile station at step 

^5 SP1 7, and the corrected average received signal level calculator 31 3 calculates the corrected average received signal 
level R,^ at step SP18. In addition, the transmission power control amountcalculator 319 of the calculator 31 computes 
the present transmission power control amount AP,^ al step SP19. The corrected average received signal level R|^, 
transmission power control amount AP|^ and total measuring time i^^ are stored in the memory 33 at step SP20. These 
values are necessary for calculating the next corrected average received signal level. At step SP21 , the transmission 

50 power calculator 351 computes the present transmission power P^, and controls the transmitting amplifier 45 such that 
its transmission power is adjusted to this value. 

[0059] At stop SP22, the receiver 27 detects whether or not the communications continue, and terminates the 
processing if it detects the end of the communications. On the other hand, if the communications continue, the receiver 
returns Its control to step SP13, and awaits the next information from the mobile station. Upon receiving the next 
55 information, the receiver 27 increments k at step SP14, and repeats similar procedures. 

[0060] Since the present embodiment employs the corrected average received signal level over the total meas- 
uring time t,^ instead of the average received signal level Q,^ In the actual measuring time T^ in calculating the trans- 
mission power, the measuring time for calculating the average received signal level grows longer. As a result, the 
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present invention can obtain more accurate transnnission power than the conventional system. 
[0061] Although the present embodiment obtains the corrected average received signal level by equation (2). a 
calculation method is not limited to this. For example, noticing the first temn of the right-hand side of equation (2) and 
equation (4), it is seen that the following equation holds. 

+ -^Pr-i = Rref + (6) 

Substituting the right-hand side of this equation into equation (2) will result in the corrected average received signal 
level R^. That is, the corrected average received signal level R,^ can be obtained by the following equation. 

Rk - {(Rrcf + ^Ek-i)tk-i + Qk"^kKtk (7) 

In this case, it is enough that the total en-or AE,^ is stored instead of the left-hand side of equation (6). 
EMBODIMENT 2 

[0062] Figs. 1 2 and 1 3 are block diagrams showing a second embodiment of a mobile satellite communication system 
in accordance with the present invention, wherein Fig. 12 shows a base station and Fig. 13 shows a mobile station. In 
this embodiment, the corrected average received signal level R,^ and the measuring error AD^ are obtained at the 
mobile station side, and then transmitted to the base station This embodiment basically differs from the first embodi- 
ment in the following. 

(1) The memory 33 of the base station is obviated. 

(2) The controller 35 of the base station obtains the present transmission power by summing up the transmission 
power control amount AP^ and the preceding transmission power P,^.., , and transmits the transmission power control 
amount AP^ to the mobile station through the transmitter 43. 

(3) The mobile station is provided with a calculator 63 and a memory 65. 

(4) The calculator 63 obtains the present con-ected average received signal level R^ from the actual measuring 
time T,^ and average received signal level fed from a measuring block 61, the preceding corrected average 
received signal level R^,., and total measuring time i^^.^ stored in the memory 65, and the transmission power control 
amount AP^.^ fed from the receiver 57. 

(5) The mobile station transmits the corrected average received signal level R,^ to the base station through a 
transmitter 73. 

[0063] Fig. 14 is a block diagram showing the internal configuration of the calculator 63 of the mobile station. 
[0064] The calculator 63 includes a total measuring time calculator 631 , a corrected average received signal level 
calculator 633, and a measuring error calculator 635. 

[0065] The total measuring time calculator 631 calculates the total measuring time t,^, the total sum of the actual 
measuring time T,^. The total measuring time t^ is fed to the corrected average received signal level calculator 633, the 
measuring error calculator 635 and the memory 65. The measuring error calculator 635 calculates the measuring error 
AD^ of the mobile station over the total measuring time t^, The functions of the calculators 631 and 635 are similar to 
those of their counterparts 311 and 315 in the base station of the first embodiment. 

[0066] The corrected average received signal level calculator 633 calculates the corrected average received signal 
level R^ given by the following equation. 
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Rr = {(Rk-1 + AP,.,)t,., + QKT,}/t^ - AD^ (8) 

[0067] In other words, the corrected average received signal level calculator 633 obtains the present corrected av- 
erage received signal level R,< by calculating the time average of the present average received signal level Q,^ and the 
sum of the corrected average received signal level R^.-, and the transmission power control amount AP^.^ at the end 
point of the preceding measurement, and by subtracting the measuring error AD,^ from its result. Here, the total meas- 
uring time t^.., and the corrected average received signal level R,^.^ at the end of the preceding measurement are fed 
from the memory 65. The transmission power control amount AP|<.i. which is sent from the base station, is fed from 
the receiver 57. In addition, the measuring error AD,^ is fed from the measuring error calculator 635, the total measuring 
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time t,, until the end of the present measurement is fed from the total measuring time calculator 631 . and the present 
actual measuring time and the present average received signal level Q,< are fed from the measuring block 61 . 
[0068] The corrected average received signal level and the total measuring time t^ thus obtained are stored in 
the memory 65. These are necessary for calculating the next corrected average received signal level. 
[0069] On the other hand, the calculator 31 of the base station computes the present transmission power control 
amount AP^ given by the following equation. 



where AS^ is a level setting error due to the step values of an attenuator for controlling the transmission power of the 
base station. Thus, the present transmission power control amount AP^^ is calculated by adding the received signal 
level reference value and the level setting error, and by subtracting from the sum the present corrected average received 
signal level R^. 

[0070] The controller 35 of the base station calculates the present transmission power Py^ by the following equation. 

PK=PK.l"^^Pk (10) 

In other words, the present transmission power P,^ is obtained by adding the present transmission power control amount 
AP|( to the preceding transmission power P,^., . Then, the transmitting amplifier 45 is controlled such that its transmission 
power becomes P,^. 

[0071] The transmitter 43 of the base station transmits the transmission power control amount AP^ fed from the 
controller 35 lo the mobile station. This value is needed when the mobile station calculates the corrected average 
received signal level R|^. 

[0072] Figs. 15 and 16 are flowcharts showing in more detail the operation of the transmission power control in the 
second embodiment, wherein Fig. 15 illustrates the operation of the base station, and Fig. 16 illustrates the operation 
of the mobile station. 



I. Control procedure of the base station 
1 . Initial procedure 

[0073] After completing the initial set at step SP31 of Fig 15, the base station starts transmission at predetermined 
initial transmission power Pq at step SP32 The base station keeps the transmission power until the corrected average 
received signal level is received from the mobile station. As the initial transmission power Pq. the maximum trans- 
mission power of the base station, or the transmission power predetemnined in accordance with the type of the mobile 
station can be employed. 



2. K-th transmission power control procedure 



[0074] The receiver 27 of the base station decides whether the next infonmation is received or not from the mobile 
station at step SP33. Upon receiving the next infonnation, the receiver 27 increments the measuring period number k 
by one at step SP34. and extracts at step SP35 the k-th corrected average received signal level sent from the mobile 
station. Subsequently, at step SP36, the calculator 31 computes the present transmission power control amount AP,^ 
by equation (9). At step SP37, the controller 35 of the base station computes the present transmission power P,^ by 
equation (10), and controls the transmitting amplifier 45 such that its transmission power is adjusted to at step SP38. 
[0075] At step SP39, the transmitter 43 of the base station transmits the transmission power control amount AP^ fed 
from the controller 35 to the mobile station. That amount is needed by the mobile station to calculate the next corrected 
average received signal level. 

[0076] At step SP40, the receiver 27 detects whether or not the communications continue, and the calculator 31 
terminates the processing if it delects the end of the communications. On the other hand, if the communications con- 
tinue, the calculator 31 returns its control to step SP33, and awaits the next information from the mobile station. Upon 
receiving the next information, the receiver 27 increments k at step SP34, and repeats similar procedures. 
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II. Control procedure of the mobite station 

[0077] The measuring block 61 of the nnobile station starts measuring of the average received signal level simulta- 
neously with the start of the communications. After carrying out the initial set at step SP51 of Fig. 1 6. the measuhng 
5 block 61 measures the actual measuring time Tj^ and average received signal level in each predetermined measuring 
period T at step SP52. The measured average received signal level are fed to the calculator 63 together with the 
actual measuring time T^. 

[0078] The total measuring time calculator 631 of the calculator 63 computes the total measuring time t^ at step 
SP53 by adding the present actual measuring lime T^ to the preceding total measuring timetk-v At step SP54, the 
10 measuring error calculator 635 of the calculator 63 calculates the measuring error AD,^ of the mobile station by equation 
(1). At step SPSS, the receiver 57 extracts the preceding transmission power control amount AP^.i from the received 
signal. In addition, the corrected average received signal level calculator 633 of the calculator 63 computes the cor- 
rected average received signal level R,^ at step SP56. 

[0079] At step SP57, the total measuring time t^, the corrected average received signal level R,^ and the measuring 
'5 error AD|< are stored in the memory 65. These values are necessary for computing the next corrected average received 
signal level. At step SP58, the calculator 58 informs the base station of the corrected average received signal level R^ 
through the transmitter 73. 

[0080] The foregoing processing are continued until the end of the communications is detected at step SP59. Spe- 
cifically, Ihe procedures al step SP52 and the following steps are continued during the communicalions by incrementing 

20 the measuring period number k at step SP61 every time the passing of the measuring period T is detected at step SP60. 
[0081] The present embodiment has an advantage that the calculation load of the base station is reduced because 
the calculation of the corrected average received signal levels is shared by respective mobile stations. 
[0082] Although the present embodiment obtains the corrected average received signal level Rj^ by equation (8), a 
calculation method is not limited to this. For example, noticing the first term of the right-hand side of equation (8) and 

25 equation (9), it is seen that the following equation holds. 

Rk-1+APk-1 = Rref+^Sk.i (11) 

Substituting the right-hand side of this equation into equation (8) will result in the corrected average received signal 
level R|^. That is, the corrected average received signal level R,^ can be obtained by the following equation. 
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Rk = {(Rref + ^Sk.,)tk., + QkTKKtk (12) 

In this case, it is sufficient that the level setting error ASk be stored instead of the left-hand side of equation (11 ). 
[0083] The present invention has been described in detail with respect to various embodiments, and it will now be 
apparent from the foregoing to those skilled in the art that changes and modifications may be made without departing 
from the scope of the claims. 

[0084] The invention also concerns the subject matter defined by the following numbered clauses: 

1 . A mobile satellite communication system in which a base station is connected with a mobile station via a com- 
munication satellite, 

said mobile station characterized by comprising: 

measuring means for obtaining an actual measuring time T,^ and an average received signal level (k = 1, 
2, ...) in a predetermined measuring period T; and 

transmission means for inf omriing said base station of said actual measuring time T^ and said average received 
signal level Q^, and 

said base station characterized by comprising: 

means for extracting said actual measuring time and said average received signal level Q,^ from a received 
signal sent from said mobile station; 

means for calculating a total measuring time t^ which is a sum total of said actual measuring time T^; 
means for obtaining a measuring error AD^ of an average received signal level in said total measuring time t^; 
storing means for storing a total measuring time t,^.^, a corrected average received signal level R^.^ and a 
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transmission power control amount AP,^.^ at the end of a preceding measuring period of said mobile station; 
means for obtaining a corrected average received signal level at the end of a present measuring period of 
said mobile station on the basis of said corrected average received signal level R^.i . said transmission power 
control amount AP^.^ said total measuring time t^.^, said average received signal level Q,^. said actual meas- 
5 uring time T,^ and said total measuring time t^; 

means for calculating a transmission power control amount AP,^ of said base station on the basis of said 
measuring error AO^ and a difference between said corrected average received signal level Ri^ and a prede- 
temnined reference value R^ef of the received signal level of said mobile station: and 

means for obtaining present transmission power P,^ from said transmission power control amount AP^ and 
^0 preceding transmission power P,^.^, and for controlling the transmission power of said base station by said 

present transmission power P^, 

2. The mobile satellite communication system as defined in clause 1 , characterized in that said base station com- 
prises means for setting an initial value Pq of said transmission power at a predetermined value. 
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3. The mobile satellite communication system as defined in clause 1 , characterized in that said means for calcu- 
lating a transmission power control amount obtains said present transmission power control amount APj^ of said 
base station by adding said measuring error AD,^ to a difference between said reference value R^^f of the received 
signal level and said corrected average received signal level R^. 



4. The mobile satellite communication system as defined in clause 1 , characterized in that said means for calcu- 
lating a transmission power control amount obtains said present transmission power control amount AP|^ of said 
base station by adding a sum of said measuring error ADj^ and a level setting en^or AS,^ at said base station to a 
difference between said reference value R^^^ of the received signal level and said corrected average received 

25 signal level R,^. 

5. The mobile satellite communication system as defined in clause 1 , characterized in that said means for obtaining 
said measuring error obtains said measuring error AD,^ by dividing a predetermined value C by a square root of 
said total measuring time t^. 



6. The mobile satellite communication system as defined in clause 1 , characterized in that said means for obtaining 
said corrected average received signal level obtains said corrected average received signal level Ri^ by the following 
equation: 

-{(Rk.i + APk.i)tk.i ■»- QkTkl^k 



7. A mobile satellite communication system in which a base station is connected with a mobile station via a com- 
munication satellite, 
-^0 said mobile station characterized in that comprising: 

measuring means for obtaining an actual measuring time T^ and an average received signal level Qj^ (k = 1 , 
2, ...) in a predetermined measuring period T; 

means for calculating a total measuring time t,^ which Is a sum total of said actual measuring time T,^; 
means for obtaining a measuring error AD^ of an average received signal level in said total measuring time t^; 
storing means for storing a total measuring time t^.i and a corrected average received signal level R^.^ at the 
end of a preceding measuring period of said mobile station; 

means for extracting a transmission power control amount APi^.^ from a signal transmitted from said base 
station to said mobile station; 

50 means for obtaining a corrected average received signal level R,^ at the end of a present measuring period of 

said mobile station on the basis of said corrected average received signal level Ri^.^, said transmission power 
control amount AP^-v said total measuring time t^.^, said average received signal level Q^, said actual meas- 
uring time T^ and said total measuring lime i^.. and 

transmission means for informing said base station of said corrected average received signal level Rj^, and 



said base station comprising: 
means for extracting said corrected average received signal level Rj^ from a received signal sent from said 
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mobile station; 

means for calculating said transmission power control amount AP|( of said base station on the basis of a 
prestored level setting error ASt^ and a difference between said corrected average received signal level 
and a predetermined reference value R^ef of the received signal level of said mobile station; 

means for obtaining present transmission power P,^ from said transmission power control amount APj^ and 
preceding transmission power P,,.^. and for controlling the transmission power of said base station by said 
present transmission power P,^: and 

means for transmitting information on said present transmission power control amount AP^ to said mobile 
station. 

8. The mobile satellite communication system as defined in clause 7, characterized in that said mobile station 
further comprises means for setting an initial value Pg of said transmission power at a predetermined value. 

9. The mobile satellite communication system as defined in clause 7, characterized in that said means forcalcu- 
15 lating a transmission power control amount obtains said present transmission power control amount AP^ of said 

base station by adding said level selling error AS^ to a difference between said reference value R^gf of the received 
signal level and said corrected average received signal level H^. 

1 0. The mobile salellile communication system as defined in clause 7, characleri;;fed in that said means for obtaining 
20 said measuring error obtains said measuring error AD|^ by dividing a predetermined value C by a square root of 

said total measuring time tj^. 

11 . The mobile satellite communication system as defined in clause 7, characterized in that said means for obtaining 
corrected average received signal level obtains said corrected average received signal level by the following 

25 equation: 

R, = {{R^_, + AP,.,)t,., + Q,T,j/t, - AD, 



30 12. A base station in a mobile satellite communication system in which the base station is connected with a mobile 

station via a communication satellite, said base station characterized by comprising; 

means for extracting from a received signal an actual measuring time T^^ and an average received signal level 
(k = 1,2, ...) in a predetennined measuring period T, said actual measuring time Tj^ and said average 
35 received signal level being obtained at said mobile station and transmitted from said mobile station to said 

base station; 

means for calculating a total measuring time t,^ which is a sum total of said actual measuring time T,^; 
means for obtaining a measuring error AD,^ of an average received signal level in said total measuring time t|^; 
storing means for storing a total measuring time t^^.^, a corrected average received signal level R|(.i and a 
transmission power control amount AP,.^ at the end of a preceding measuring period of said mobile station; 
means for obtaining a corrected average received signal level at the end of a present measuring period of 
said mobile station on the basis of said corrected average received signal level R^.^, said transmission power 
control amount APj^.^, said total measuring time t,^.^, said average received signal level Q,^, said actual meas- 
uring time \ and said total measuring time t,^: 

means for calculating a transmission power control amount APj^ of said base station on the basis of said 
measuring error ADj^ and a difference between said corrected average received signal level R|^ and a prede- 
termined reference value H^^f of Ihe received signal level of said mobile station: and 

means for obtaining present transmission power P|^ from said transmission power control amount AP, and 
preceding transmission power P^^.^, and for controlling the transmission power of said base station by said 
so present transmission power P^. 

13. A mobile station for use in a mobile satellite communication system in which a base station is connected with 
a mobile station via a communication satellite, said mobile station characterized by comprising: 

55 measuring means for obtaining an actual measuring time T,^ and an average received signal level Q,^ (k = 1 , 

2, ..) in a predetermined measuring period T; and 

transmission means for infomning said base station of said actual measuring time T^^ and said average received 
signal level Qi^. 



16 



^SDOCID: <EP. 1104118A2 I > 



EP 1 104 118 A2 



14. A mobile Station for use in a mobile satellite communication system in which a base station is connected with 
a mobile station via a communication satellite, said mobile station characterized by comprising: 

measuring means for obtaining an actual measuring time and an average received signal level (k = 1 , 
5 2, ...) in a predetermined measuring period T; 

means for calculating a total measuring time t,^ which is a sum total of said actual measuring time T,^; 

means for obtaining a measuring error AD^^ of an average received signal level in said total measuring time ti^; 

storing means for storing a total measuring time t^.^ and a corrected average received signal level R^.i at the 

end of a preceding measuring period of said mobile station; 
'0 means for extracting a transmission power control amount AP^,^ from a signal transmitted from said base 

station to said mobile station; 

means for obtaining a corrected average received signal level R|^ at the end of a present measuring period of 
said mobile station on the basis of said corrected average received signal level R^.i , said transmission power 
control amount AP^^,^, said total measuring time t,^.-,, said average received signal level Q|^, said actual meas- 
15 uring time and said total measuring time t|^; and 

transmission means for informing said base station of said corrected average received signal level R|^, 

15. A base station for use in a mobile station in a mobile satellite communication system in which a base station 
is connected with a mobile slalion via a communication salellile, said base station characterized by comprising: 

20 

means for extracting a corrected average received signal level from a received signal sent from said mobile 
station; 

means for calculating a transmission power control amount AP,^ of said base station on the basis of a prestored 
level setting error AS^ and a difference between said corrected average received signal level R,^ and a prcdc- 
25 tennined reference value R^^j of the received signal level of said mobile station: 

means for obtaining present transmission power P^^ from said transmission power control amount AP^ and 
preceding transmission power Py^,^, and for controlling the transmission power of said base station by said 
present transmission power P^^; and 

means for transmitting information on said present transmission power control amount AP|^ to said mobile 
30 station. 

16. A mobile satellite communication system in which a base station is connected with a mobile station via a 
communication satellite, 

said mobile station characterized by comprising: 

35 

measuring means for obtaining an actual measuring time and an average received signal level (k = 1 , 
2, ...) in a predetermined measuring period T; and 

transmission means for infonning said base station of said actual measuring timeTK and said average received 
signal level Qy^, and 

40 

said base station characterized by comprising: 

means for extracting said actual measuring time Tj^ and said average received signal level Qj^ from a received 
signal sent from said mobile station; 
-^s means for calculating a total measuring time which is a sum total of said actual measuring time Ty^; 

means for obtaining a measuring error AD^ of an average received signal level in said total measuring time t,^; 
means for obtaining a total error AEj^ by adding said measuring error AD^ to a predetermined level setting error 
AS^; 

storing means for storing a total measuring time t,^.-,, a corrected average received signal level Rj^.^ and a 
50 transmission power control amount APi^.^ at the end of a preceding measuring period of said mobile station; 

means for obtaining a corrected average received signal level Ri^ at the end of a present measuring period of 
said mobile station on the basis of a predetermined reference value R^ef of the received signal level of said 
mobile station, said total error AE^, said total measuring time t,^.^, said average received signal level Qi^, said 
actual measuring time T,^ and said total measuring time t^ by the following equation; 
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^rlTtp^Tn''" h'^^ transmission power control amount AP, of said base station on the basis of said total 

ZlLtl\!^2J 7^ ! o ^^''^ '■^'^'^"'^^ ^^'"^ °' '^"^ '^^'''^^ said corrected 

average recerved signal level R^; and 

^rtc^Silo ,?^lf' transmission power P, from said transmission power control amount aP, and 

p^:st;rs~n;rerp: '^^^ '^""^ " ^^"^ "^^^ '^^^^'^^ 

cIml:S^«^^^^^ "'^"^'^ ^ '''' '^-"-•^'^ « -^"^ ^t««on Via a 

said mobile station characterized by comprising: 

measuring means for obtaining an actual measuring time T, and an average received signal level Q, (k = 1 
2, ...) in a predetermined measuring period T; » k v . 

means for calculating a total measuring time t, which is a sum total of said actual measuring time T,- 
^or^nn mLanlT'"^ ^ measuring error AD, of an average received signal level in said total measuring time t,; 
stonng means for storing a total measuring time t,., and a corrected average received signal level R, , at the 
end of a preceding measuring period of said mobile station- 

'^.luH^ ^h'^'' k"P ^ transmission power control amouni AP,., from a signal transmitted from said base 
slalion lo said mobile station; 

r^^H mnh'i ""IT*"^ ^ ^"^'^^^ "'9"" '"^^ °f ^ P^«««"t measuring period of 

o^dir H '°" ,°" » °' ^ "''""'^ ^^'^^'^^^ ^'9"^' °' ^^''^ mobile station, a 

predeteimined level setting error AS, of said base station, said total measuring time t, „ said average received 
signal level Q,. said actual measuring time T, and said total measuring time t, by th'e following equJttonT 

transmission means for informing said base station of said corrected average received signal level R,. and 
said base station comprising; 

mobNe Illtfon;'*'""^ """^'^ ^"^'^^^ '^^'''^ " '^^'"^^ ^^^'^ 

ZZil '=«"="'«";9 said transmission power control amount AP, of said base station on the basis of said 
level setting error AS, and a difference between said corrected average received signal level R, and sa d 
predetemiined reference value R.^, of the received signal level of said mobile station 

means for obtaining present transmission power P, from said transmission power control amount AP. and 
preceding transmission power P,.„ and for controlling the transmission power of said base station S'saiS 
present transmission power P,; and ' 
means for transmitting information on said present transmission power control amount AP, to said mobile 
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18. A transmission power control method in a mobile satellite communication system in which a base station is 
connected with a mobile station via a communication satellite, 
said method characterized by comprising the steps of: 

me^uriL^o^^^^^ ""^ ^" "^^'^^^ '^^'^^^ (k = 1 . 2, ...) in a predetermined 

measunng penod T at said mobile station; 

calculating a total measuring time t, which is a sum total of said actual measuring time T^- 
obtaining a measuring error AD, of an average received signal level in said total measuring time W 
storing a total measuring time t,.„ a corrected average received signal level R,., and a transmission power 
control amount AP,., at the end of a preceding measunng period of said mobile station 

« ^o^^ected average received signal level R, at the end of a present measuring period of said mobile 

llZrZ !'f . , "^"^ ^^^'^^^ '^^^^ ^'9"^' ""-I- transmission power control 

amount AP, , said total measuring time t,., . said average received signal level Q„ said actual measuring time 
T, and said total measunng time t,; 

calculating a transmission power control amount AP, of said base station on the basis of said measuring error 
AD, and a difference between said corrected average received signal level R, and a predetermined reference 
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value R^gf of the received signal level of said mobile station; and 

obtaining present transmission power from said transmission power control amount AP^ and preceding 
transmission power P^.-i , and for controlling the transnnission power of said base station by said present trans- 
mission power P,^. 



Claims 



1. A mobile satellite communication system in which a base station (1) is connected with a mobile station (2) via a 
10 communication satellite (1 0), 

said mobile station (2) characterised by comprising: 



measuring means (61) for obtaining an actual measuring time T,^ and an average received signal level (k 
= 1, 2, ...) in a predetermined measuring period T; and 
'5 transmission means (73) for informing said base station (1 ) of said actual measuring time T|^ and said average 

received signal level Qj^, and 



said base station (1) characterised by comprising: 



20 means (27) for extracting said actual measuring time and said average received signal level Qi^ from a 

received signal sent from said mobile station (2); 

storing means (33) for storing at least a total measuring time t^,^ which is a sum total of an actual measuring 
time T|^.i at the end of a preceding measuring period of said mobile station (2); 

moans (31 ) for obtaining a transmission power control amount AP^^ of said base station (1) on the basis of at 
25 least said actual measuring time T,^, said average received signal level Q,^, said total measuring time tn.^ and 

a predetermined reference value R^ef of the received signal level of said mobile station (2); and 
means (35) for obtaining present transmission power Pi^ from said transmission power control amount AP|^ 
and preceding transmission power P,^,^, and for controlling the transmission power of said base station (1) by 
said present transmission power P,^. 

30 

2. The mobile satellite communication system as claimed in claim 1 , characterised in that said means (31 ) for 
obtaining a transmission power control amount comprises: 

means (311 ) for calculating a total measuring time t^ which is a sum total of said actual measuring time T,^; 
35 means (315) for obtaining a measuring error AD,^ of an average received signal level in said total measuring 

time t,^; 

means (313) for obtaining a corrected average received signal level at the end of the present measuring 
period of said mobile station (2) on the basis of a corrected average received signal level Rj^.^ and a trans- 
mission power control amount AP^.^ at the end of a preceding measuring period of said mobile station (2) and 
"ff^ said total measuring time t^.^ , said average received signal level Q^, said actual measuring time T,^ and said 

total measuring time ti^; and 

means (31 9) for calculating said transmission power control amount APj^ of said base station (1) on the basis 
of said measuring error AD|( and a difference between said corrected average received signal level Ri^ and 
said predetermined reference value R^ef of the received signal level of said mobile station (2), and 
•^5 said storing means (33) further stores said corrected average received signal level R^.-, and said transmission 

power control amount AP,^.^. 



3. The mobile satellite communication system as claimed in claim 2, characterised in that said means (31 9) for cal- 
culating said transmission power control amount calculates said present transmission power control amount AP|( 
of said base station (1) by adding said measuring error AD^ to a difference between said reference value R^f of 
the received signal level and said corrected average received signal level Rj^. 



4. The mobile satellite communication system as claimed in claim 2, characterised in that said means (319) for cal- 
culating said transmission power control amount calculates said present transmission power control amount AP^ 
55 of said base station (1) by adding a sum of said measuring error AD,^ and a level setting error AS^^ at said base 

station (1 ) to a difference between said reference value R^e, of the received signal level and said corrected average 
received signal level R|(. 
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5. The mobile satellite communication system as claimed in any one of claims 2 to 4, characterised in that said means 
(313) for obtaining said corrected average received signal level obtains said corrected average received signal 
level R,< by the following equation: 

5 

Rw = {(Rk- + ^V, )t.-, + Q.T, } / t,. 

10 6. The mobile satellite communication system as claimed in claim 1 , characterised in that 
said means (31 ) for obtaining a transmission power control amount comprises: 

means (311) for calculating a total measuring time tk which is a sum total of said actual measuring time T^; 
means (315) for obtaining a measuring error AD^ of an average received signal level in said total measurinq 
^5 time t^; 

means (31 7) for obtaining a total error AE^ by adding said measuring error AD,, to a predetermined level setting 
error AS,^; 

means (313) for obtaining a corrected average received signal level at the end of a present measuring 
period of said mobile station (2) on the basis of a total error AE^.i at the end of a preceding measuring period 
of said mobile station (2) and said total measuring time tk.-,, said average received signal level Q^, said actual 
measuring time T^, said total measuring time t^ and said predetemnined reference value R^j of the received 
signal level of said mobile station (2); and 

means (31 9) for calculating said transmission power control amount AP,^ of said base station (1 ) on the basis 
of said total cn-or AE^ and a difference between said prcdetcnnincd reference value R^gj of the received signal 
level of said mobile station (2) and said corrected average received signal level R^, and 
said storing means (33) further stores said total error AE^.v 

7. The mobile satellite communication system as claimed in claim 6, characterised in that said means (313) for ob- 
taining said corrected average received signal level obtains said corrected average received signal level R. by the 
^0 following equation: 
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8. The mobile satellite communication system as claimed in any one of claims 2 to 7, characterised in that said means 
(315) for obtaining said measuring error obtains said measuring error ADk by dividing a predetermined value C by 

"^0 a square root of said total measuring time t,^. 

9. The mobile satellite communication system as claimed in any one of claims 1 to 8, characterised in that said base 
station (1 ) comprises means for setting an initial value Pq of said transmission power at a predetennined value. 

10. A mobile station (2) for use in a mobile satellite communication system in which a base station (1) is connected 
with said mobile station (2) via a communication satellite (10), said mobile station (2) characterised by comprising: 

measuring means (61 ) for obtaining an actual measuring time T^ and an average received signal level (k 
= 1 , 2, ...) in a predetermined measuring period T; and 

transmission means (73) for informing said base station (1 ) of said actual measuring time T^ and said average 
received signal level Qj,. 

A base station (1) for use in a mobile satellite communication system in which said base station (1) is connected 
with a mobile station (2) via a communication satellite (10), said base station (1) characterised by comprising: 

means (27) for extracting from a received signal an actual measuring time T^ and an average received signal 
level Qk (k= 1, 2, . . .) in a predetermined measuring period T, said actual measuring timeT^ and said average 
received signal level being obtained at said mobile station (2) and transmitted from said mobile station (2) 



11 



JSDOCID: <EP..._1104118A2J > 



20 



EP1 104 118 A2 



10 



to said base station (1); 

storing means (33) for storing at least a total measuring time t^.i which is a sum total of an actual measuring 
time Tk.i at the end of a preceding measuring period of said mobile station (2); 

means (31 ) for obtaining a transmission power control amount AP^ of said base station (1 ) on the basis of said 
actual measuring time T,^, said average received signal level Q^, said total measuring time t^^.^ and a prede- 
termined reference value R^^^ of the received signal level of said mobile station (2); and 
means (35) for obtaining present transmission power from said transmission power control amount AP^ 
and preceding transmission power P^.^ , and for controlling the transmission power of said base station (1 ) by 
said present transmission power P|^. 

12. A transmission power control method in a mobile satellite communication system in which a base station (1) is 
connected with a mobile station (2) via a communication satellite (10), said method characterised by comprising 
the steps of: 

'5 obtaining {SP2) at said mobile station (2), an actual measuring time and an average received signal level 

Q|^ (k = 1,2, ...) in a predetermined measuring period T; 

informing (SP3) said base station (1 ) of said actual measuring time and said average received signal level 

exlracling (SP15) at said base station (1), said actual measuring lime T,^ and said average received signal 
20 level Qk from a received signal sent from said mobile station (2); 

storing (SP20) at said base station (1), at least a total measuring time X^,^ which is a sum total of an actual 

measuring time Tjj.^ at the end of a preceding measuring period of said mobile station (2); 

obtaining (SP16-19) at said base station (1), a transmission power control amount AP,^ of said base station 

(1) on the basis of at least said actual measuring time T^, said average received signal level Q^, said total 
^5 measuring time tj^., and a predetermined reference value R^ef of the received signal level of said mobile station 

(2) ; and 

obtaining (SP21 ) at said base station (1 ), present transmission power P|^ from said transmission power control 
amount APj^ and preceding transmission power P^.^ .. and controlling at said base station (1), the transmission 
power of said base station (1 ) by said present transmission power P,^. 

30 

1 3. A transmission power control method in a base station, said base station (1 ) being connected with a mobile station 
(2) via a communication satellite (1 0). said method characterised by comprising the steps of: 

receiving (SP3) an actual measuring time and an average received signal level Q,^ (k = 1 , 2, ...) obtained 
35 by a mobile station in a predetermined measuring period T; 

extracting (SP15) said actual measuring time T,^ and said average received signal level from said received 
signal; 

storing (SP20) at least a total measuring time t^.i which is a sum total of an actual measuring time J^.^ at the 
end of a preceding measuring period of said mobile station (2); 

"^0 obtaining (SP16'19) a transmission power control amount AP,^ of said base station (1) on the basis of at least 

said actual measuring time T,^, said average received signal level Q,^, said total measuring time t^.i and a 
predetemnined reference value R^ef of the received signal level of said mobile station (2); and 
obtaining (SP21 ) present transmission power P|^ from said transmission power control amount AP^ and pre- 
ceding transmission power P|(.^, and controlling the transmission power of said base station (1) by said present 

•^5 transmission power P,^. 

14. A transmission power control method in a mobile station (2), said mobile station (2) being connected, in a mobile 
satellite communication system, with a base station (1 ) via a communication satellite (1 0), said method character- 
ised by comprising the steps of: 



50 



55 



obtaining (SP2) an actual measuring time T,^ and an average received signal level (k = 1,2, ...) in a pre- 
determined measuring period T; 

informing (SP3) a base station (1 ) of said actual measuring time and said average received signal level Q|^. 
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